Premature infants are at increased risk for rehospitalization after discharge from the hospital. Racial disparities are known to exist in pediatric health care.
INTRODUCTION
In the last 30 years, the percentage of extremely low birth weight (ELBW; birth weight r1000 g) infants who survive has increased, creating a new population of medically vulnerable infants. Many of these infants experience neonatal morbidities such as bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC), and posthemorrhagic hydrocephalus, which make them vulnerable to long-term health problems and increase their risk for rehospitalization. [1] [2] [3] In this same time period, it has been well documented that racial disparities exist in health outcomes in the United States and that children are particularly vulnerable to the effects of racial disparities in health care. 4 Between 1981 and 1991, there was a 9% increase in neonatal mortality among African American infants due to prematurity and low birth weight; a 9% decrease was observed among White infants over the same time interval. 5 In 1997, the neonatal mortality rate for infants born less than 37 weeks was 26.7 per 1000 live births for White infants and 37.4 per 1000 live births for African-American infants. 6 African-American infants have also been shown to have a higher postneonatal mortality rate compared to white infants. This finding persists when the effects of poverty and other sociodemographic variables are controlled. 7 African-American and Hispanic children are also less likely than White children to receive prescription medications and specialized care even after adjusting for differences in type of insurance and health conditions. 8, 9 A few studies have looked at the proportion of premature infants rehospitalized after discharge. In an early study from 1980, McCormick reported that 38% of infants with birth weights less than 1500 g were rehospitalized in the first year of life.
congenital anomaly or developmental delay, Medicaid, self-pay, advanced maternal age, and maternal education level less than <12 years. Race was not found to be a significant predictor when controlling for other variables. In 1991, Cunningham reported on rehospitalization in the first 2 years of life in a group of infants, with a gestational age of less than or equal to 32 weeks and a matched cohort of full-term infants. 11 Rehospitalization occurred in 52% of the 130 preterm infants. Rehospitalization for respiratory diseases occurred in 36% of the premature infants compared to 3% of the term infants. In the preterm cohort, 45% of the infants with BPD were rehospitalized and 25% of the infants without BPD required rehospitalization. In this analysis, race was not a significant variable, possibly due to the small sample size.
In a Canadian study evaluating health and developmental outcomes of 24-to 28-week gestational age infants at 18 months of age, Gregoire et al. 12 found that 56% of the infants with BPD and 43% of the infants without BPD were readmitted. They considered socioeconomic factors in their analysis, but did not mention race or ethnicity. In a study from Western Australia, Elder et al. followed a large cohort of infants (n ¼ 560) who were less than 33 weeks gestation at birth until they were 12 months old. The proportion of infants readmitted was 42%. In their multivariate analysis, aboriginal race, male sex, and chronic lung disease (diagnosed at both 28 days and at 36 weeks) were found to be significant risk factors for readmission. 13 Despite concerns about the long-term outcomes of extremely vulnerable ELBW infants and racial disparities in health outcomes, no large multi-center study in the United States has reported on the incidence and causes of rehospitalization in ELBW infants after discharge. The purpose of this study was to evaluate the incidence of rehospitalization in a large cohort of ELBW infants and evaluate whether race influences the incidence and causes of rehospitalization. The primary hypothesis was that a higher proportion of African-American ELBW infants would be rehospitalized compared to the other racial/ethnic groups.
METHODS
The National Institute of Child Health and Human Development Neonatal Research Network (NICHD NRN) database collects baseline demographic and clinical data on all ELBW infants admitted to a Network Center prior to 14 days of age (inborn and outborn). In all, 14 centers contributed information to this particular study. Followup data are collected at 18-to 22-months corrected age on all surviving ELBW infants at each Center. Trained research personnel at each Center are responsible for collecting the data during the initial hospitalization and at the followup visit. Parents are asked specific questions about rehospitalizations and the causes of rehospitalization during the followup visit. In addition, the hospital and clinic charts of infants may be evaluated to assist with the accuracy of the rehospitalization information. The database has been previously described in detail. 14 The study included all ELBW infants born between November 1, 1998 and May 31, 2000 who were admitted to a Network NICU before 2 weeks of age and were discharged alive. The inclusion dates were chosen to coincide with the publication of the American Academy of Pediatrics recommendations on the prevention of respiratory syncytial virus (RSV) infections in November 1998, 15 and to allow every child to have completed their 18-to 22-month corrected age followup assessment. This is the standard time for evaluation in the NICHD NRN. The time period between discharge and the followup assessment varied for each baby depending on the corrected age at discharge.
The definitions of data items were standardized in the Manual of Operations. Race was determined by maternal report and review of the medical record. The infant's race was determined by the maternal race. The racial categories were African American, White, Hispanic-White, Hispanic-Black, American Indian or Alaskan native, Asian or Pacific Islander, and others. We approached the concept of race or ethnicity as a social construct rather than a skin color, so the nine infants in the Hispanic-Black category were combined with the Hispanic-White category. 16 American Indian or Alaskan Native (n ¼ 23), Asian or Pacific Islander (n ¼ 44), and Other (n ¼ 10) infants were combined into a larger category designated ''Other'' for the purpose of analysis.
In any analysis of racial disparities, it is important to include measures of socioeconomic status to attempt to separate the effects of race from environmental factors. 17, 18 Maternal education level was dichotomized into less than a high school diploma and high school diploma or higher education. Family or household income was dichotomized into less than $20,000 per year or $20,000 or more per year. The cutoff of $20,000 corresponds to the poverty threshold for a five-person household in 1998, as defined by the United States Census Bureau, and has been previously used in NRN NICHD manuscripts. 19 The definition of Type of payment source for medical care was categorized as Medicaid or Medicaid health maintenance organization (HMO), private insurance or HMO, and self-pay or unknown. These variables were determined at the time of discharge. In the situation where no infants within a group were in the self-pay or unknown category, the analyses were performed using categories of Medicaid/Medicaid HMO and private insurance/HMO.
Three medical morbidities were included as predictors in the regression analyses: BPD, identified as an oxygen requirement at 36 weeks corrected age, NEC requiring surgical intervention, and ventriculoperitoneal shunt (VP shunt) placed prior to discharge. RSV prophylaxis was defined as RSV prophylaxis given in the first year of life by maternal report and review of clinic records.
The definition of rehospitalization was an admission requiring an overnight stay in the hospital. The categories of causes of rehospitalization included: (1) respiratory F reactive airway disease, bronchiolitis, apnea, acute life-threatening events; (2) infection F sepsis, fever, diarrhea, shunt infections, meningitis, pneumonia, and RSV infection/bronchiolitis; (3) Surgery F VP shunt, gastrostomy tube, myringotomy tubes, tonsillectomy, etc; (4) growth and nutrition F failure to thrive, short stature; (5) CNS issues F shunt malfunctions, seizures; (6) environmental F abuse, neglect, toxic ingestions; (7) Other. Causes of rehospitalization were recorded by category on the data collection sheets, and not by individual diagnoses. Due to concerns about overlap in definitions between respiratory and infection, a combined category of ''respiratory/infection'' was created and analyzed. Due to the small number of babies in the CNS, environmental, and Other causes, we did not do further analyses in these categories.
The statistical analyses were performed using SAS software. 20 Categorical variables were analyzed using w 2 and Fisher's exact tests. Continuous variables were analyzed using analysis of variance techniques.
For each cause of rehospitalization, a dichotomous variable was created, with patients rehospitalized for a given cause assigned a value of 1 and patients not rehospitalized for that cause assigned a value of 0. Those rehospitalized, but for other causes, were also assigned a value of 0. Logistic regression analyses were used to examine the relationship of race/ethnicity and rehospitalization (or cause of rehospitalization) while controlling for gestational age, gender, center, maternal education <12 years, family income <$20,000, insurance, BPD, NEC, VP shunt, and RSV prophylaxis. In the regression analyses, race was used as a class variable with African American as the reference group. As there were no infants in the ''Other'' cohort admitted for ''growth and nutrition'' issues, infants of race/ethnicity ''Other'' were excluded from this analysis. In addition, one center had no admissions for ''growth and nutrition'' and, therefore, center was not included among the controlled variables for the analysis of ''growth and nutrition''.
RESULTS
A total of 2446 ELBW infants were admitted (inborn and outborn) to the 14 Level III neonatal intensive care units between November 1, 1998 and May 31, 2000. Of these infants, 1591 (65%) survived to discharge. Among the survivors to hospital discharge, 34 infants (2%) died before the final followup visit and 152 (10%) were lost to followup. Thus, 1405 (90%) of the infants who survived were evaluated at 18 to 22 months in their respective followup clinic. The racial/ethnic distributions of infants admitted, discharged, seen at followup, lost to followup, and rehospitalized were similar, and are displayed in Table 1 . Among infants discharged alive, 3.3% of African-American infants died prior to the 18 to 22 month followup visit compared to 1.7% of White infants, and none in the Hispanic or Other cohorts (p<0.01). These infants were not included in further analyses. Of the 1405 infants seen at followup, 45% were African American, 38% were White, 14% were Hispanic, and 3% were Other.
Rehospitalization occurred at least once in 691 (49%) of the infants. In all, 359 (26%) infants were admitted only once. In seven infants it was unknown whether they had been readmitted, and nine infants were readmitted but the number of rehospitalizations could not be determined. The causes of rehospitalization were respiratory (55%), surgery (21%), infection (13%), growth and nutrition (5%), central nervous system (2%), environmental (1%), other (4%). In total, 62% of the rehospitalizations occurred prior to or on the first birthday.
Mean birth weights, mean gestational ages, socioeconomic variables, and medical morbidities (BPD, NEC, VP shunt) of the infants who survived are presented in Table 2 . The distributions of gestational age, maternal education, family income, and insurance were different among racial groups. Hispanic infants had the highest percentage of mothers with less than a high-school degree. Low family income was found most frequently in the homes of African-American infants. At discharge, Medicaid/Medicaid HMOs was the predominant insurance type for African-American (83%) and Hispanic infants (83%). Private insurance/HMO coverage was the predominant insurance type for White (61%) and Other infants (53%). There were no differences among the racial groups in the proportion of infants with BPD, NEC requiring surgery, or VP shunts. Of the infants who survived to discharge, 766(48%) were diagnosed with BPD. The racial distribution of the proportion of infants with BPD who were rehospitalized at least once was similar: African-American 58%, Hispanic 60%, Caucasian 55%, and Others 57% (p ¼ 0.89). Of the infants with BPD, 376 (57%) of the 664 seen at followup had been rehospitalized at least once compared to 43% of the infants without BPD (p<0.0001).
The causes of rehospitalization by racial groups are displayed in Table 3 . In the unadjusted analyses, there were significant differences among the racial groups for respiratory, infection, surgical, growth and nutrition, and the combined cause of respiratory/infection.
The multiple logistic regression analyses included race, gestational age, gender, maternal education <12 years, family income <$20,000, type of insurance, BPD, NEC requiring surgery, VP shunt, RSV prophylaxis, and center. The results are shown in Table 4 . In the analyses for ''all causes'' of rehospitalizations, the significant predictors were insurance, NEC requiring surgery, VP shunt, and RSV prophylaxis. In the analysis for ''respiratory causes'', the significant predictors in addition to center were insurance, BPD, and RSV prophylaxis. In the analysis for ''infection causes'', the only significant predictor besides center was low family income. In the analysis of ''respiratory/infection causes'', the significant predictors were low family income, insurance, BPD, and RSV prophylaxis. In the analysis for ''surgical causes'', the significant predictor variables in addition to center were gender, BPD, VP shunt, and RSV prophylaxis. In the analysis for ''Growth and Nutrition causes'' the only significant predictor was race.
The consistent positive association of RSV prophylaxis with rehospitalization was unexpected. The proportion of infants who received RSV prophylaxis in the first year of life was 44%. The proportion of infants in each racial group who received RSV prophylaxis in the first year of life was significantly different: AfricanAmerican 237 (38%), Hispanic 99 (52%), White 265 (49%), and Others 14 (30%) (p<0.0001). The proportion of infants with BPD who received RSV prophylaxis in the first year was 48%, which was significantly higher than the proportion of infants without BPD (41%), who received RSV prophylaxis (p ¼ 0.01). Infants from low- family-income homes were less likely to receive RSV prophylaxis than infants not from low income homes (39 vs 50%, p<0.0001).
The proportion of infants who received RSV prophylaxis did not differ between mothers who had a high school diploma or higher education and those who did not (46 vs 41%, p ¼ 0.13), or according to the type of insurance at discharge (Medicaid/HMO F 42%, Private/HMO F 48%, Self-Pay/Unknown F 50%, p ¼ 0.1). Further analysis was carried out to determine if the association between RSV prophylaxis and rehospitalization could be explained by other variables. The number of days an infant was on a ventilator was entered as a continuous variable in the multiple logistic regression analyses. The number of days of ventilation was a predictor variable for all causes of rehospitalization (OR 1.01, CI 1.00 to 1.02), respiratory causes (OR 1.01, CI 1.00 to 1.02) and growth and nutrition (OR 1.02, CI 1.00 to 1.03). However, the addition of days of ventilation did not alter the significance of RSV prophylaxis in any of the regression analyses. Infants discharged between September and March were more likely to receive RSV prophylaxis than those discharged between April and August, but this was not statistically different (46 vs 41%, p ¼ 0.06).
DISCUSSION
The disproportionate percentage of African-American infants in the premature population compared to the general population has been well documented and persists after adjusting for risk factors such as income, education level, and socioeconomic status. 5, 21 Therefore, it is important to evaluate if disparities exist in the rehospitalization of ELBW African-American infants or other races after discharge. This is the first large multicenter study to evaluate the incidence and causes of rehospitalization in ELBW infants and the contribution of race or ethnicity to rehospitalization. The prevalence of rehospitalization in this multicenter population approximates that reported in other studies of rehospitalization in premature infants with and without BPD. [10] [11] [12] [13] The proportion of infants rehospitalized at least once for any cause by the time of their 18-to 22-month corrected age visit was almost identical among the racial/ethnic groups; however, there were differences in the proportion of infants rehospitalized for various causes. In the unadjusted analyses, the highest proportion of infants admitted for respiratory causes as shown in Table 2 was in the African-American cohort. African-American children have been reported to have a higher incidence of asthma and subsequent morbidity as compared to White infants, which might partially explain the high proportion admitted for respiratory causes in this study. 22 After controlling for variables known to affect morbidity and mortality in premature infants, race was not a significant predictor for rehospitalization except in the relatively small category of growth and nutrition. In this category, White infants were more likely to be readmitted. It is not possible from this data set to determine if there was a true difference in growth between the racial groups, a difference in parental expectations for growth, or a physician bias in referral for rehospitalization.
From the analyses in this study, it is apparent that the odds of rehospitalization in ELBW infants are associated with the medical complications that the infants have during the original hospitalization, the center, low family income, and the type of insurance. For nonsurgical and surgical admissions, BPD is an important predictor of rehospitalization in ELBW infants for all causes of rehospitalization except infection and growth and nutrition. The secondary analysis of the length of ventilation related to the odds of rehospitalization confirms this observation. These findings emphasize the continuing morbidity that ELBW infants experience related to their immature lungs at birth; however, BPD may be a contributing factor and not a direct cause in these admissions. It is possible that infants with BPD are more likely to be admitted overnight for postoperative care or from an emergency room due to the concern parents and physicians have for these fragile infants. Other studies have suggested that parental concern may be a contributing factor for rehospitalization. 13, 23 VP shunt was also a significant factor, as would be expected from the complications associated with this treatment of posthemorrhagic hydrocephalus. Gender was significant only in surgical readmissions, where the high incidence of inguinal hernias would predominantly affect male infants. 24, 25 The lack of an association between race or ethnicity and rehospitalization in this study contrasts with other conditions in which African-American race is associated with increased morbidity. 26, 27 Prior studies have shown that, even after correcting for SES, minority children are more likely to obtain care from an emergency room than a primary care provider, and are less likely to have a ''medical home.'' [28] [29] [30] A potential explanation for the lack of association is that access to medical care may be easier and more consistent among racial groups in this ELBW cohort than in other settings. The ELBW infants in this study were all enrolled in the NICHD Neonatal Research Network Followup Study. The investigators participating in this network are highly motivated to follow all infants until the final visit at 18 to 22 months corrected age. Extensive recruitment and tracking measures are used to insure followup rates that exceed 80% at all participating centers. About 25% of the centers offer primary care services through their followup clinics, which may have an effect on resources used after discharge in ELBW infants. One center has reported a randomized trial of primary care for ELBW infants and has shown a decrease in readmissions to the pediatric intensive care unit, a decrease in intensive care days, and a reduction in cost of overall health care. 31 Other services provided at various centers include regular phone calls, periodic developmental assessments, and case management support. Therefore, the effects of racial disparities may have been blunted by the efforts of the investigators to include all infants regardless of race or ethnicity, primary care at some institutions, and the support services offered by all the followup programs. It is not known if the results for rehospitalization would be similar for ELBW infants not enrolled in a research supported followup program.
A second hypothesis for our findings might be that these babies represent a unique population and have had extended hospitalizations. Parents and family members are often are at the bedside and discuss their baby's care with the physicians, nurses, and other ancillary staff. These parents may have learned more about their baby's problems, accessing and manipulating the health-care system, and may be better advocates for their infants as a result of these experiences, regardless of race.
The higher mortality rate among African-American infants observed in this study population has been previously reported. 32 Papacek and Collins have also reported that African-American infants have a higher risk of mortality even when SES variables and ecologic variables are considered. 7 It is not possible from this study to determine if infants who died after discharge were seen regularly, sporadically, or not at all in the NICHD Neonatal Network followup programs.
Socioeconomic variables were significantly associated with the risk of rehospitalization. This cohort of ELBW infants is composed of infants from relatively low SES, with 42% living in homes with <$20,000 a year income and 65% qualifying for Medicaid. Both of these factors were found to be significantly associated with an increased risk of rehospitalization for respiratory/infection and individually for either respiratory or infection reasons.
The association between RSV prophylaxis and rehospitalization contradicts the findings of a large randomized trial demonstrating a reduction in RSV-related hospitalizations with RSV prophylaxis. 33 Our study was not designed to evaluate the efficacy of RSV prophylaxis. The variable was included to control for regional differences in the use of RSV prophylaxis while evaluating other variables. RSV prophylaxis was independently associated with rehospitalization in all the analyses where BPD was significant, including surgical causes. There is no logical reason to suggest that infants receiving RSV prophylaxis would be at an increased risk for surgery. The American Academy of Pediatrics' guidelines for RSV prophylaxis and the decision to administer RSV prophylaxis by parents and physicians are based, in part, on the assessment of the risk of rehospitalization. Therefore, the association of RSV prophylaxis with increased risk of rehospitalization is probably a marker for unmeasured confounders and not a true risk factor for rehospitalization.
In summary, there do not appear to be significant racial disparities in regard to rehospitalization of ELBW infants followed in the NICHD Neonatal Research Network, although there are racial differences in the unadjusted causes of rehospitalization. The important medical predictors of rehospitalization in ELBW infants are BPD and VP shunts for posthemorrhagic hydrocephalus. The prevention of these two medical morbidities is of paramount importance to improving the postdischarge morbidity of ELBW infants. As previously shown for a variety of other health conditions, low family income seems to negatively impact the medical outcomes of preterm infants who survive to hospital discharge.
